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Introduction
Previous investigations have shown that for cer tain esters of the diterpene prototype tigliane (par ent alcohols phorbol [1] [2] [3] and 12-deoxyphorbol [4] ) as well as for certain esters of the diterpene prototype ingenane (parent alcohol ingenol [5, 6] ) with homologous aliphatic acids with regard to ir ritant and tum or prom oting activities pronounced relations between structure and bioactivities exist. The highest bioactivities in phorbol-12-acylate-13-acetates, phorbol-12-acetate-13-acylates, 12-de oxyphorbol-13-acylates and ingenol-3-acylates were found for esters with dodecanoic or tetradedanoic acid. Corresponding acylates with longer or shorter acyl chains showed lower bioactivities (for a more recent review see I.e. [7] ). The most ir ritant diterpene ester detected so far in species of Euphorbiaceae or Thymelaeaceae is resiniferatoxin (1, see figure), a 9,13,14-orthoester (with phenylacetic acid)-20-ester [with homovanillic acid, (4-hydroxy-3-methoxyphenyl)acetic acid] of the diterpene prototype daphnane (parent alcohol re siniferonol [2, 8, 9, [11] [12] [13] .
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On the mouse ear the irritant dose 50 [ID5J o f 1 is 1.6x 10 ^ nmole at 5 hours after adm inistration [2, 8] . This quick irritational response is by a factor of about 1000 higher than that o f the standard irri tant (and tum or prom oter) TPA (12-0-tetradecanoylphorbol-13-acetate) at both, 5 and 24 hours [2, 8, 9 ], Yet, in contrast to TPA and other aliphatic esters of phorbol and ingenol, the re sponse to 1 at 5 h falls back to > 20 nm ole/ear at 24 h [2, 8] . Further, in the initiation/prom otion protocol on mouse back skin 1 is not a prom oter at usual dose levels [14] . Partial transesterification of 1 to yield resiniferonol-9,13,14-ortho(phenylacetate) (2) revealed [8] that the extreme irritant activity is associated essentially with the specific acid moiety in the 20-position, i.e. homovanillic acid. 2 is considerably less active than 1. Reesterification of OH-20 in 2 with homovanillic acid to yield 1 fully restitutes 1 and its extraordinary irri tancy [8] . Again, this is at variance with the other diterpene esters which, if esterified in 20-position with aliphatic acids, yield oligoesters exhibiting little if any irritant activity ([see e.g. I.e. [7] ) which may be considered some kind of "prodrug", or "cryptic" irritants and tum or prom oters.
Clearly, structural requirements of the unusual bioactivities of 1 require further clarification. This may be approached by partial syntheses o f corre-sponding esters of resiniferonol with homologous aliphatic acids. To this end appropriate plant m a terials and a convenient method of preparation of resiniferonol in sufficient am ounts are required. Whereas for the tigliane and ingenane prototype parent alcohols phorbol [10] and ingenol [15] ap propriate plant materials and satisfactory methods of preparation are available, so far a similar status has not yet been reached for preparation of the daphnane prototype parent alcohol resiniferonol. An im portant improvement o f the method using latices of E. unispina or E. poisonii as described previously [8] will be reported. Resiniferonol thus obtained was esterified with homologous straight chain aliphatic acids C2-C 18 (steps of 4 carbon atoms). The five esters 3 -7 ( Fig. 1) were assayed for irritant and tum or prom oting activity in the N M R I mice in the standard manner. (1), resiniferonol-9 .13.13-ortho(phenylacetate) (2) and o f resiniferonol-9 .1 3 .14-orthoesters 3 -7 with hom ologous aliphatic acids.
Results and Discussion
For preparation of resiniferonol the highly irri tant acetone extract of latex of E. poisonii was subjected to a preparative, low transfer Craig dis tribution using an autom atic battery. Thereby, most of the non-polar triterpenes were removed. From the remaining material the polar constitu ents were separated by filtration over silica gel.
The highly irritant material passing the filter was transesterified with sodium methoxide (to cleave all 20-esters present, especially 1). From a second high transfer Craig distribution TLC homoge neous resiniferonol-9,13,14-ortho(phenylacetate) (2) was obtained. Preparation o f the parent alco hol resiniferonol from 2 was carried out essentially as reported previously [8] , In this way one part of the problem of providing, in a convenient manner, practically unlimited am ounts o f the daphnane prototype parent alcohol resiniferonol was im proved. The other part of the problem however, i. e. considerable variabilities of the contents of 1 in latices of both, E. poisonii or E. unispina, still re mains. It may be expected that E. resinifera be a source o f starting m aterial more reliable as regards bioactivity.
F or preparation o f homologous resiniferonol-9,13,14-orthoesters, in a first step, resiniferonol was esterified in the presence of 4-(N,N-dimethylam ino)pyridine with either acetic acid anhydride or acid chlorides of homologous aliphatic acids (hexanoic to octadecanoic acid). In this way the corresponding resiniferonol-14,20-diesters were obtained. To form the 9,13,14-orthoesters by in tram olecular reaction of the 14-ester group the crude (without purification) resiniferonol-14,20-diesters were treated with perchloric acid/m etha nol. M ixtures were obtained (TLC) containing be sides the 20-0-acylresiniferonol-9,13,14-orthoesters expected, also the desired end products, i.e. corresponding resiniferonol-9,13,14-orthoesters 3 -7 . The mixtures were treated with sodium m eth oxide to cleave 20-esters groups still present. The resiniferonol-9,13,14-orthoacetate (3), -hexanoate (4), -decanoate (5), -tetradecanoate (6) and -octadecanoate (7) thus obtained were finally purified by TLC and characterized by MS (see Table) and NM R. 3 and 6 had been prepared and character ized already previously [8] .
In the standardized irritancy assay on the mouse ear [2, 8, 10, 16 ] at 5 h after adm inistration [2, 8] all resiniferonol-9,13,14-orthoesters 3 -7 exhibited weak irritant activities as compared to TPA (see Table) . In contrast, 1 exhibits its maximal activity at 2 -5 h, with practically no activity at 24 h after adm inistration. All resiniferonol-9,13,14-orthoes ters prepared show at 24 h still weak but distinct irritant activities as com pared to TPA (Table) . As in TPA at a higher level of ID ?4 a pronounced maximum of irritant activity was not apparent be tween 5 and 24 h. Also in the group of 9,13,14-or thoesters a pronounced maximum of irritancy, de pending on the chain length of the acid, was not apparent, in contrast to the series e.g. of the TPAtype phorbol-12,13-diesters.
Like resiniferatoxin [13] the hom ologous resini feronol-9,13 ,14-orthoesters turned out to be prac tically inactive as tumor prom oters when tested in the standard initiation/prom otion protocol 16 [16, 17] for 24 weeks at doses of dp = 100 nmole/ application, respectively. Only in the group of mice exposed to the orthotetradecanoate 6 one tum or bearing animal was registered in week 9 to persist to week 24.
Hence, irritant activities of resiniferonol-9,13,14-orthoesters with a free OH-20, be it with phenylacetic acid (2 ) as well as with hom ologous aliphatic acids (3 -8 ) , are rather low as com pared to the tigliane prototype TPA or the ingenane pro totype 3-TI despite the presence o f a free 20-hydroxyl. Thus the extreme irritant activity of resiniferatoxin (1) (and similarly of tinyatoxin [11] ) remain unique and appear to be associated with the specific aromatic ester moiety (homovanillate) in 20-position [2, 8] , Also, none of the so far known orthoesters of resiniferonol with free (2 -7 ) or esterified 20-position (1) showed any significant tu mor prom oting activity [e.g. 13] . However, intro duction of a 5/?-hydroxy group in conjunction with a 6a,7a-epoxy group into resiniferonol yield, as in case e.g. of simplexin (SIM) [14] -the 9,13,14-orthodecanoate of 5/?-hydroxyresiniferonol-6a, 7a-oxide -in daphnane type DTE irritant and promoting activities comparable to those in tigliane and ingenane types. Consequently, SIM was pro posed to be used as the daphnane prototype DTE irritant and promoter (see e.g. I.e. [7] and subse quent papers from our laboratory).
Experimental
Plant material: 5.6 kg of a highly irritant, dense latex preparation of Euphorbia poisonii Pax in m ethanol following our 'collectors standard ad vices' were collected near Acherigbe in the N orth of Benin in 1980, by P. Hougnon, botanist. U ni versity of Benin, Cotonou, Benin (West Africa); plant specimens were disposed in the H erbarium of the University of Benin.
Separation methods, synthetic reactions and spectroscopy
Isolation o f resiniferonol-9,13,14-ortho (phenylacetate) (2) from latex o f E. poisonii: The irritant latex preparation of E. poisonii (5.6 kg) was care fully and yet exhaustively extracted with acetone to yield 807 g of an irritant acetone extract. It was subjected to a Craig distribution (z = 50, elements V = 200 ml/200 ml, n = 50 transfers) in petroleum ether/m ethanol/w ater 30/20/1. M aterials within tubes r = 0 -4 0 were discarded. The remaining m a terial (tubes r = 4 1 -5 0 , 138 g) was filtered over a silica gel column, using ethyl acetate. All fractions containing the irritant resiniferatoxin (TLC) were pooled (99 g). This material was treated with 0.05 M N aO CH 3/M eOH (1 L) and kept under nitrogen while stirring overnight. After neutralization with 0.1 M HC1 and usual work-up, 85 g of resinous material was obtained. It was filtered through a sil ica gel column using ethyl acetate/petroleum ether = 4/1. Fractions containing 2 (TLC) were pooled (23.8 g) and subjected to a Craig distribution in tetrachlorom ethane/m ethanol/water = 40/20/3 (z -1020, V = 10 m l/10 ml, n = 1200 transfers, single withdrawal procedure). Contents of tubes between r = 540-680 were combined yielding 2.5 g of 2, for spectroscopic data, see [8] ,
Preparation o f resiniferonol: Acid catalysed hy drolysis of 2 to yield resiniferonol-14-(phenylacetate) and -without prior purification -subse quent base catalysed transesterification affording resiniferonol, was carried out as described in [8] , Final purification was done by column chrom a tography eluting with ethyl acetate/petroleum ether = 10/ 1, 6/1 and finally with ethyl acetate to yield besides 790 mg of unreacted 2 890 mg o f resi niferonol, with spectroscopic data as published [8] ,
Preparation o f homologous resiniferonol-9,13,14-orthoesters a) General acylation procedure. To one equiva lent of resiniferonol (usually between 50 and 100 mg) and five eq. of 4-(N,N-dimethylamino)pyridine a solution of four eq. of acetic anhydride or the ali phatic carboxylic acid chloride of the chain lengths C6, C 10, C 14 or C 18 in 3 ml o f tetrahydrofuran was added. The reaction mixture was stirred for 3 h. After usual work-up procedures [see 8] the corre sponding resiniferonol-14,20-diesters were ob tained.
b) Orthoester-formation: The crude resinifero nol-14,20-diester (usually between 100 and 150 mg), without prior purification, was treated with 0.5% HC104/M e0 H (100-150 ml). Reaction was stirred for 5 h and worked-up after addition of phosphate buffer, PH: 6 .8, as usual to yield (TLC) a mixture of the 20-0-acylresiniferonol-9,13,14-or thoester and the resiniferonol-9,13,14-orthoester. c) Transesterification-reaction: The mixture of the 20-0-acylresiniferonol-9,13,14-orthoester and the resiniferonol-9,13,14-orthoester (usually be tween 100 and 150 mg) was dissolved in MeOH (100-150 ml) and 0.1 M N aO C H 3/M eOH (10-15 ml) was added. The reaction was stirred for 3 h and worked-up as usual. The final purification of the resiniferonol-9,13,14-orthoester was carried out by TLC in ethyl acetate/petroleum ether = 2/1. For yield, /R value and molecular ion, see Table. Except the signals for the acid moieties, all N M Rspectra were identical with those of resiniferonol-9,13,14-orthotetradecanoate, see [8] ,
Bioassavs
Both standardized assays, that of irritant activi ty on the ear of N M R I mice in terms o f irritant dose 50 read either 5 h (ID^0) or 24 h (ID^) after adm inistration of the compound and that of prom oting activity in the initiation/prom otion protocol 16 on the back skin of N M R I mice in terms of relative tum or prom oting potency (rtpp24) were performed as described previously [10, 16, 17] . For ID 50-values of the homologous re siniferonol-9,13,14-orthoesters including appro priate reference compounds, see Table. -In the assay for rtpp24 during 24 weeks of exposure to two times weekly single doses of d p = 100 nmole/ application of the resiniferonol-9,13,14-orthoesters 3 -7 , respectively, no tum or was observed. In the group of mice exposed to the tetradecanoate 6 on one animal one papilloma appeared at week 9 and persisted to week 24.
